Health and the Evolution of Welfare across Brazilian Municipalities * This paper describes the pattern of reductions in mortality across Brazilian municipalities between 1970 and 2000, and analyzes its causes and consequences. It shows that, as in the international context, the relationship between income and life expectancy has shifted consistently in the recent past. But reductions in mortality within Brazil have been more homogeneously distributed than across countries. We use a compensating differentials approach to estimate the value of the observed reductions in mortality. The results suggest that gains in life expectancy had a welfare value equivalent to 39% of the growth in income per capita, being therefore responsible for 28% of the overall improvement in welfare. We then use a dynamic panel to conduct a preliminary assessment of the potential determinants of these gains. We show that improvements in education, access to water, and sanitation seem to be important determinants of the dimension of changes in life expectancy not correlated with income.
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Introduction
This paper analyzes the causes and consequences of improvements in life expectancy across Brazilian municipalities between 1970 and 2000. We use a compensating differentials approach to give monetary values to life expectancy gains, and compare these gains to the evolution of income. Mortality reductions in the period had a welfare value equivalent to an increase of $1,800 in yearly income (1996 international prices), and therefore were responsible for 28% of the overall improvements in welfare. In an exploratory panel analysis, we show that a large part of the welfare gains from life expectancy seems to be attributed to improved access to treated water and sanitation, and reductions in illiteracy rates. In our estimates, these variables together with income explain 71% of the within municipality variation in life expectancy in Brazil. Nevertheless, in contrast to cross-country evidence (Bourguignon and Morrison, 2004 and Becker et al, 2005) , reductions in mortality did not contribute to reduce overall welfare inequality.
Brazil experienced significant improvements in health in recent decades. Between 1960 and 2000, infant mortality rate before age 1 was reduced from 115 to 32 (per 1,000 live births), while life expectancy at birth increased from 55 to 68 years (World Bank, 2005) . At the same time, income per capita measured in constant prices increased by roughly 190% (Penn World Tables 6.1). Though income was partially responsible for the improvements in health, amounting evidence suggests that a significant portion of recent changes in life expectancy across the developing world has been orthogonal to changes in income (Preston, 1975 and 1980 , Becker et al, 2005 , and Deaton, 2005 . Therefore, if life expectancy is a relevant dimension of welfare, its explicit incorporation in the evaluation of changes in well-being in Brazil, and the understanding of its determinants, become very important questions. Recent estimates suggest that longevity has indeed been a quantitatively important component of the overall gains in welfare during the twentieth century, both within and across countries. 1 This paper looks at the extent and variation of life expectancy gains between 1970 and 2000 across Brazilian municipalities. We show that, as in the international context, there has been a consistent shift in the relationship between income and life expectancy at birth. For constant levels of income, gains in life expectancy in this thirty-year interval have been typically 2 above 5 years. Nevertheless, the pattern and evolution of life expectancy inequality across Brazilian municipalities has been quite different from that observed across countries. The income gradient of life expectancy is less steep across Brazilian municipalities than across countries. In addition, gains in life expectancy have been more homogeneously distributed within Brazil than across countries, so that poorer areas did not gain as much in relation to rich areas as poor countries did in relation to rich countries.
In order to estimate the welfare implications of the extent and pattern of changes in life expectancy, we use a hypothetical life-cycle individual set up (Becker et al, 2005) . Using the concept of compensating differentials, we estimate the monetary value of the gains in life expectancy observed in the period and evaluate their relative importance in terms of the overall gains in welfare. For our representative individual, reductions in mortality had a value corresponding to an increase of $1,800 in annual income, or 39% of the observed growth in income per capita. Nevertheless, given the profile of changes described before, mortality reductions did not contribute much to change overall welfare inequality, even though inequality in life expectancy itself was reduced. This was possible because the higher value attributed to mortality reductions by wealthier individuals was more than enough to compensate for the smaller gains they experienced. The inequality reducing role of life expectancy noticed in the cross-country context was not as relevant across different regions of Brazil.
Finally, we use a panel of 3,636 municipalities between 1970 and 2000 to conduct an investigative assessment of the role of public health infrastructure and education in determining the changes in life expectancy. We concentrate on the role of public health infrastructure and education because these are dimensions over which significant improvements have been registered. For example, according to our dataset (to be presented in the next section), the fraction of households with access to treated water connected to the public water system increased from 15% in 1970 to 63% in 2000, while illiteracy rates were reduced from 44% to 21%. We use the dynamic panel techniques developed by Arellano and Bond (1991) to evaluate the roles of education, provision of clean water, and sanitation. Changes in these three variables explain 38% of the within municipality variation in life expectancy in the sample (16% attributed to improved access to water, 6% to improved sanitation, and 16% to reductions in illiteracy 3 rates), or 51% of the overall variation. For our representative individual, this implies that changes in access to water and illiteracy rates between 1970 and 2000 had a lifetime value of $7,500 each, only taking into account their effects on mortality. The equivalent number for improved sanitation was $2,800.
The paper contributes to the literature on health and development in two ways. First, we bring the discussion on the welfare value of health improvements -which has been mostly restricted to developed countries -to a developing country context. We show that the share of welfare gains due to health improvements in Brazil has been larger than that typically observed in developed countries. Nevertheless, in contrast to international trends, health improvements have not contributed to reduce overall welfare disparities within Brazil. Second, we add to the literature on the determinants of mortality reductions in the developing world (Preston, 1975 and 1980 , Palloni and Wyrick, 1981 , and Becker et al 2005 . A large part of the gains in life expectancy in developing countries in the post-war period seems to be unrelated to growth in income or improvements in material living conditions. To a large extent, there is still no consensus on the specific factors responsible for these gains. We find that, in the case of Brazil, improvements in education and public health infrastructure seem potentially important in explaining a large part of the observed changes in life expectancy.
The structure of the remainder of the paper is outlined as follows. Section 2 describes the dataset used and discusses the recent pattern of changes in life expectancy and life expectancy inequality across Brazilian municipalities. Section 3 summarizes the methodology used to assess the economic value of life expectancy changes and applies it to our dataset. Section 4 discusses the determinants of life expectancy changes across Brazilian municipalities and estimates the role played by education, access to water, and sanitation. Finally, section 5 concludes the paper.
Data and Recent Trends
All the variables used in the remainder of the paper come from a municipality dataset constructed by the Instituto de Pesquisa Econômica Aplicada (IPEA, from the Brazilian Ministry Despite the high degree of inequality at a point in time, and the persistence of income inequality at the individual level, the dispersion in income and health across Brazilian municipalities was reduced. It is important for our later discussion to highlight some patterns that arise from this table.
First, inequality in life expectancy is lower across Brazilian municipalities than across countries.
According to any of the measures used, the extent of life expectancy inequality in 2000 within
Brazil is only 40% of that observed across countries (comparing numbers from Table 2 with the results presented in Becker et al, 2005) . On the other hand, the degree of regression to the mean in life expectancy and the relative reduction in inequality within Brazil are lower than those observed across countries between 1960 and 1990 (we use this period for comparison because, after 1990, the effects of AIDS in Sub-Saharan Africa take over the trend of mortality inequality across countries). The different indexes of life expectancy inequality across Brazilian municipalities are reduced between 40% and 46% in the thirty years in question, while the degree of regression to the mean is -0.37. Across countries, between 1960 and 1990, the different the fact that we normalize the data so that income per capita in 1990 is equal to the value from the Penn World Tables 6.1 for that same year. 6 To give a standard of comparison with Table 2 , the Gini coefficient for income per capita across countries in 2000 was 0.49, while it was 0.07 for life expectancy (weighted by population); the standard deviation of logs for that same year was 0.96 for income per capita, and 0.15 for life expectancy (Becker et al, 2005) . Income inequality across countries remained stable between 1960 and 1990, and then decreased slightly between 1990 and 2000.
6 indexes of inequality are reduced between 47% and 57%, and the regression to the mean coefficient is -0.61.
This observation is particularly relevant because the difference in the profile and evolution of life expectancy inequality within and across countries may reveal something about the nature of mortality reductions. When compared to international numbers, the evidence from Brazil suggests that reductions in mortality were more homogeneously distributed across the country's municipalities. In principle, improvements that had similar impacts in the different regions of the country may have played an important role in determining the observed gains in life expectancy. We explore this point further by looking at how changes in the relationship between life expectancy and income in Brazil compare to those observed across-countries. . In other words, income per capita and life expectancy in both years are normalized such that the averages for Brazil in the municipality data correspond to the aggregate numbers from the WDI (for life expectancy) and from the PWT 6.1 (for income per capita adjusted for terms of trade). Therefore, the average levels in the figures correspond to the values observed in the aggregate data, but the relative variation within Brazil corresponds to that observed in the municipality data. Figure 1 shows a shift in the cross-sectional relationship between income and life expectancy that is similar to that observed in cross-country data. In the case of Brazil, for constant levels of income, life expectancy has typically risen by more than 5 years. This means that at least 55% of the improvements in life expectancy in Brazil during these thirty years seem to be unrelated to gains in income per capita. This result is even stronger than that observed across countries between 1970 and 2000, partly because of the effect of AIDS in Sub-Saharan Africa.
But the pattern observed within Brazil is also different in one particularly important respect. In the relevant range, the relationship between income and life expectancy is much steeper in the international data than in Brazil. Later on, we estimate the role of some potential candidates in explaining this pattern of change. But first, in the following section, we evaluate the relative importance of income and mortality in terms of the overall improvements in welfare observed in the period.
Welfare Gains from Mortality Reductions
Methodology
The methodology used in this section is a simplified version of that proposed by Becker et al (2005) . Consider the indirect utility function V(Y,T) of an individual with lifetime T and lifetime income Y:
where y(t) is income at age t, c(t) consumption at t, r is the interest rate, and ρ is the subjective discount factor. This budget constraint assumes the existence of perfect capital markets.
Now consider a given individual at two points in time, with lifetime income and life expectancy denoted by Y and T, and Y' and T' respectively. We are interested in the inframarginal income W(T,T') that would give a person the same utility level observed in the second period, but with the life expectancy observed in the first period:
V(Y'+W(T,T'),T) = V(Y',T').
Income per capita can be used to measure material improvements only with a set of assumptions that justify using a single number to portray changes in a country's welfare. Similar simplifying assumptions are needed here to measure the monetary value equivalent to certain 8 gains in life expectancy. More precisely, to use the model with commonly available income per capita and life expectancy statistics for a given municipality and year, we define a hypothetical life-cycle individual. This is a representative individual who receives the municipality's income per capita in all years of life and lives to the age corresponding to the municipality's life expectancy at birth. In order to implement this concept in a simple way, we assume that the subjective discount rate is equal to the interest rate (ρ = r), so that optimal consumption is constant and equal to the constant flow of income (c(t) = c = y). In this case, the indirect utility function can be expressed in terms of yearly income y as:
where
Define w(T,T') as the yearly -as opposed to lifetime -income that measures the gain in longevity in a manner similar to before. Therefore, w satisfies
u(y'+w(T,T'))A(T) = u(y')A(T'). (2')
In this context, the monetary value of the overall gain in welfare observed in the period, when If we can invert the instantaneous utility function u(.), w can be written as:
The interpretation of w in this context is straightforward. For a given municipality at a point in time, it tells us the value that an individual being born in that moment -earning the average income of the municipality in every period of life and living with certainty to an age equal to the municipality's life expectancy at birth -would attribute to a change in life expectancy from T to T'. By definition, w measures this value as a yearly flow of income.
As stressed by Rosen (1988) , two dimensions of the instantaneous utility function affect the willingness to pay for extensions in life expectancy. The first is the substitutability of consumption in different periods of life, i.e. the inter-temporal elasticity of substitution, and the second is the value of being alive relative to being dead. We calibrate the following functional form for the instantaneous utility function to capture these two different dimensions: We employ the same parameter values suggested by Becker et al (2005) , where γ = 1.25 and α = -16.2. As the authors, we also assume the annual interest rate r to be 0.03. In the case of Brazil, these calibrated parameters lead to an implicit value of a statistical life equal to roughly $310,000. Corbi et al (2006) obtain estimates of the value of a statistical life in Brazil ranging from $270,000 to $1,700,000 (expressed in 1996 dollars adjusted for terms of trade). Therefore, our calibrated parameters imply a value of a statistical life that is well in the lower range of available estimates for Brazil.
7 Similarly, our implicit value of a statistical life is also in the lower range of estimates available for other developing countries, such as India, South Korea and Taiwan (see discussion in Viscusi and Aldy, 2004) . If anything, our calculations will give conservative estimates of the value of changes in life expectancy.
Results
The results are presented in Table 3 Nevertheless, the pattern of initial income inequality, and of homogeneous gains in life expectancy, is such that the reduction in life expectancy inequality does not affect substantially the evolution of welfare inequality. Table 4 calculates the same indexes of inequality presented in Table 2 Table 4 shows that the evolution of "full-income" inequality between 1970 and 2000 is remarkably similar to the evolution of income inequality. This is possible because, despite a reduction in life expectancy inequality, the value of changes in life expectancy is higher for relatively wealthier municipalities. Therefore, contrary to the crosscountry case, life expectancy changes did not contribute to reduce overall welfare inequality across Brazilian municipalities. A high degree of initial income inequality, coupled with a more or less homogeneous gain in life expectancy, led to a situation where mortality reductions had an 11 important impact on welfare levels, but no significant impact on welfare distribution. Following, we conduct a preliminary investigation of the determinants of these gains in life expectancy.
The Determinants of Mortality Reductions
Previous Evidence and Methodology
Previous papers have analyzed the determinants of mortality variation across regions of Brazil, finding important roles for some dimensions of public health provision. Merrick (1985) , Macinko et al (2005) , and Alves and Beluzzo (2004) , for example, analyze various different aspects of the reductions in mortality in Brazil during the last decades. Among these papers, this section is closest in spirit to the work of Alves and Belluzzo (2004) .
As these authors, we analyze the period between 1970 and 2000 and make use of municipality level data, but we expand the analysis in other ways by: looking at life expectancy and child mortality; exploring the independent roles of sanitation and access to clean water; dealing with the dynamic panel in a more appropriate way; and accounting for a broader set of controls. Finally, we also use the results from the previous section to estimate the economic value of the observed improvements in sanitation, access to water, and literacy rates.
From the same municipality dataset discussed before, we obtain data on: percentage of households with access to piped water connected to the public water system; percentage of households with access to sanitation connected to the public sewer system; percentage of illiterate people in the population; degree of urbanization (fraction of population residing in urban areas); and child mortality rate before age five (see Appendix for details). Changes in public health infrastructure and education since 1970 have been quite substantial. The proportion of households with access to water connected to the public water system increased from 15% in 1970 to 63% in 2000, while the percentage of households with sanitation connected to the public sewer system raised from 5% to 28%. At the same time, the percentage of illiterate people in the population was reduced from 44% to 21%. For illustrative purposes, Table 5 presents descriptive statistics for all the variables used in our statistical analysis (simple averages restricted to the sample actually used in the regressions).
All municipalities for which these variables are available for 1970, 1980, 1990, and 2000 are included in the analysis. 
where i refers to municipality and t to time period, and X i,t is a vector of municipality characteristics including the variables of interest (access to water, sanitation and illiteracy rate) and other controls. We include a lagged dependent variable in the baseline specification to account for the sluggish response of health to changes in health inputs, given that health outcomes in a certain period depend on the stock of health human capital accumulated before (as suggested, for example, by Grossman, 1972) . We also replicate the preferred specification of our empirical exercise using child mortality as the dependent variable, and run some alternative specifications in order to better understand the driving forces behind the results.
The main limitation of the dataset is that it leaves out early childhood immunization and access to other medical services. We therefore include income per capita and urbanization in X i,t as additional controls, to take into account factors known to be correlated with these variables and also with changes in mortality. These include, among others, nutrition, access to public medical care and, to some extent, immunization coverage. As long as populations in wealthier or more urbanized municipalities have better medical support or easier access to services, we will be partly controlling for these factors.
As in the cross-country context, the main concerns in this type of estimation are unobserved municipality specific characteristics and endogeneity of right hand side variables. In order to address the first of these problems, and to capture nation wide changes, we allow for both municipality and time specific factors in the random term, such that ε i,t = θ i + γ t + u i,t . To deal with the inconsistency of the fixed-effects estimator in the presence of lagged dependent variables, and to partially address the issue of endogeneity, we resort to the Arellano-Bond dynamic panel estimator (Arellano and Bond, 1991) .
There are two reasons why one should be concerned about endogeneity in this context.
First, non-observed municipality-specific shocks may lead to simultaneous changes in all of these variables, even in the absence of any causal relationship. Specifically, development may bring together increases in life expectancy, income, access to water, sanitation, urbanization, and education. As mentioned before, we partly control for this possibility by including income per capita and degree of urbanization as independent variables. Second, it is reasonable to expect 13 that some of these variables may respond directly to life expectancy. This would be the case if governments responded to poor health conditions in certain areas by constructing new water and sewer systems. This type of reverse causality would lead to underestimation of the impact on life expectancy of exogenous changes in access to water and sanitation.
The use of the Arellano and Bond (1991) dynamic panel technique partially deals with these problems to the extent that it does not explore simultaneous correlations between dependent and independent variables. The method estimates the dynamic fixed-effects model by differencing the data, and then using lagged levels of the dependent, predetermined, and endogenous variables to instrument for the differences in the right hand side variables (when there are strictly exogenous variables, their lagged differences are also used as instruments). We treat the variables in X i,t as endogenous and apply the standard procedure for this case (use t -2 lagged levels as instruments for the endogenous variables). 8 Nevertheless, we cannot expect this technique to take care of all dimensions of endogeneity in the data in an entirely satisfactory way, even more so in the absence of a strictly exogenous variable. So we see our estimates simply as an initial effort in the direction of trying to understand the causal determinants of reductions in mortality across Brazilian municipalities.
Results
The results of the estimation are presented in Table 6 . For illustrative purposes, columns 1 and 2 present the OLS regression in the pooled data and the fixed-effects estimator. Column 3 presents the standard Arellano-Bond estimator with one lag of the dependent variable included in the right-hand side. The comparison of the coefficients of Life -1 in the OLS, fixed effects, and Arellano-Bond estimators gives support to the use of the dynamic model: in such setting, the OLS estimate should be biased upward and the fixed-effects should be biased downward (Bond, 2002) . But the standard Arellano-Bond estimator with only one lag of the dependent variable does not satisfy the Sargan test of over-identifying restrictions. Therefore, we include a second lag of the dependent variable (Life -2 ) in the specification, as shown in column 4, and use threeperiod lagged levels as instruments. 9 Columns 5 to 7 maintain two lags of the dependent variable 8 Mobarak et al (2004) show that provision of health services in Brazil depends to some extent on political considerations, suggesting that there is a dimension of change exogenous to the health conditions. 9 Specifically, X i,t is assumed to be correlated with ε i,t and earlier shocks, but not with ε i,t+1 and subsequent shocks. So, in the case of one lag of the dependent variable included in the right-hand side, the levels of X i,t-2 and life expectancy i,t-2 are valid instruments in the first-differenced version of equation 6. When two lags of the dependent variable are included in the right-hand, X i,t-3 and life expectancy i,t-3 are the instruments. The method also assumes 14 in the right-hand side of the regression, but change slightly the specification to shed some light on the results: column 5 excludes income per capita as an explanatory variable; column 6 includes interactions of the initial level of income with sanitation and access to water; and column 7 uses child mortality as the dependent variable.
In columns 1 to 4, as additional lags of the dependent variable are included and increasingly higher lags of the independent variables are used as instruments, the coefficients on access to water, sanitation, and illiteracy rates increase in magnitude. This should be the case if the main problem of endogeneity is related to the response of governments to poor health conditions. In this situation, higher lags of the independent variables represent increasingly exogenous variation, and therefore an increase in the coefficient of the variables of interest indicates that there was a downward simultaneity bias.
Quantitatively, the estimated effects are quite large. Based on column 4, a fifty percentage points increase in the fraction of households with access to treated water is associated with a 2.4 year gain in life expectancy at birth in the sort-run, and 3.8 in the long-run. For access to sanitation, these numbers are 1.3 in the short run and 2.1 in the long-run. In the case of illiteracy rates, a reduction of fifty percentage points is associated with an increase of 5.4 years in life expectancy at birth in the short-run, and 8.5 years in the long run.
In terms of the extent of variation actually observed in the sample, the short term impact of income, access to water, sanitation, and illiteracy can explain 72% of the within municipality variation in life expectancy. According to the coefficients in column 4, 38% of the within municipality variation in mortality can be attributed to variations in access to water, sanitation, and illiteracy rates (16%, 6%, and 16%, respectively). The short run impact of these three variables explains 50% of the overall variation in life expectancy (94% if we also account for income per capita). Finally, the estimated dynamics of life expectancy implies that the long-run effects should be 57% higher than the short run effects discussed above. It is therefore likely that the effects of improvements in public health and education between 1970 and 2000 will continue to be felt in years to come.
that the u i,t are serially uncorrelated (for a detailed discussion, see Bond, 2002 ). Since we use two lags of the dependent variable in the right-hand side and use additional lags of levels as instruments, we are simply unable to explicitly test for autocorrelation in the residuals. But we do believe that, given the dynamic structure of the estimated model, this should not be the main concern in the final specification.
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Our results are remarkably similar to those obtained in a series of cross-country studies (see, for example, Preston, 1980 , Palloni and Wyrick, 1981 , and Heuveline, 2001 ). These studies have generally found that, during the post-war period, changes in income and nutrition can explain at most 50% of the variation in mortality across countries. We find here that income per capita explains 42% of the variation in mortality across Brazilian municipalities. In addition, we
show that changes in education and public health infrastructure explain almost all the residual variation in life expectancy. Preston (1980) hypothesized that the estimated effect of income in the cross-country context also captured variations in provision of public health infrastructure associated with economic development. Therefore, he excluded these factors from what he called "structural" determinants of life expectancy (those not associated with changes in income per capita). Our results show that, in the within country context, there is a significant dimension of change in public health infrastructure that is orthogonal to changes in income.
Columns 5 to 7 introduce some changes to our main specification, in order to clarify the type of variation that is driving the results. First, in column 5, we exclude income per capita from the regression. Since variations in health infrastructure and education may be correlated to growth, income may be capturing part of the effect that is in reality attributable to our variables of interest. The coefficients estimated for water and sanitation remain surprisingly stable, while the coefficients on illiteracy and urbanization drop substantially in magnitude. So it seems to be the case that changes in education uncorrelated with income are much more important determinants of life expectancy than changes in education correlated with income. In any case, the presence of income per capita in our main specification does not seem to introduce any sizable bias towards zero in the coefficients of interest.
In column 6, we introduce interactions between the public health measures and initial income, to test whether these changes were particularly important for areas that were initially poor. Though the coefficient on access to water ceases to be significant, the estimated average effects (taking into account the interaction term and the average for income per capita in 1970)
remain within the same order of magnitude of the coefficients estimated in column 4. In terms of the interaction terms, only the one for sanitation is negative and significant, meaning that poorer areas in 1970 benefited more from expanded access to sanitation than wealthier areas. In the case of access to water, the interaction is positive and not statistically significant. 16 Finally, in column 7, we use child mortality as the dependent variable. Both reductions in child and adult mortality have been important in the case of Brazil after 1970, but they may have responded differently to the factors analyzed in this section. 10 According to the results, illiteracy is the variable most closely related to child mortality. Alone, its short-run impact can explain 29% of the overall variation in child mortality in the sample, and its long-run impact is estimated to be more than 100% larger than the short-run effect. This result is in line with a vast array of evidence linking child health to education, particularly maternal education, in the context of developing countries (see, for example, review in Hobcraft, 1993) .
Concluding Remarks
This paper shows that the income-life expectancy profile across Brazilian municipalities has been shifting consistently throughout recent decades. For constant levels of income, life expectancy rose by more than 5 years between 1970 and 2000. Though this evidence reproduces the pattern observed internationally, the income-gradient of life expectancy within Brazil is much less pronounced than that across countries. Similarly, the gains in life expectancy have been more homogeneously distributed across municipalities than across countries.
We calculate that, between 1970 and 2000, reductions in mortality had a welfare value corresponding to 39% of the observed growth in income. Our initial effort in the direction of understanding the determinants of these changes suggests that improvements in education, access to treated water, and sanitation played an important role. Bringing together the results from sections 3 and 4, we can estimate the per capita value of the improvements in health infrastructure for our representative individual. The results imply that improvements in access to water and education had a lifetime value of $7,500 each, while improved sanitation had a value of $2,800. When compared to the income per capita in Brazil, these numbers imply that an individual born in 1970 would be willing to pay the following proportions of one year's income in order to finance the improvements registered between 1970 and 2000: 248% for either access to water or education, and 93% for sanitation (lifetime values). Still, since there are many other dimensions through which these same factors increase welfare, these are likely to be lower bounds for the true economic value of the observed improvements in public health infrastructure and education.
Finally, given that initial income inequality across Brazilian municipalities was very high and that life expectancy gains were more or less homogeneous, changes in mortality did not contribute to reduce overall welfare inequality. In Brazil, life expectancy had a significant impact on the level of welfare, but it did not play the same role in reducing welfare inequality as it did across countries.
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Appendix: Variables
The municipality level variables used in the paper were constructed by the Instituto de Pesquisa Econômica Aplicada (IPEA, from the Brazilian Ministry of Planning), based on census files from 1970 to 2000. Given the change in the number of municipalities in the period, variables are originally calculated for the period between 1970 and 1991, and separately for the period between 1991 and 2000. In order to obtain a single consistent series for the municipalities that already existed in 1970, we apply the percentage change between 1991 and 2000 to the series starting in 1970. The variables are defined in the following way:
access to sanitation: fraction of population living in households with adequate sanitation (sanitation connected to the public system); access to water: fraction of the population living in households with adequate supply of water (water supply connected to public water system); child mortality rate: number of deaths between birth and the age of 5, per 1,000 live births; calculated based on information on number of births and number of surviving children, using an adapted version of the Brass technique (Brass et al, 1968) , as explained in Horta et al (1998) ; illiteracy rate: fraction of the population above 15 years of age who are illiterate (cannot read or write a simple message); income per capita: average household income per capita; life expectancy at birth: expected years of life at birth; constructed based on an adapted version of the indirect methodology of the Brass technique (Brass et al, 1968) , as explained in Horta et al (1998) ; the Brass technique for life expectancy at birth uses information on number of births and surviving children for the estimation of child and juvenile mortality rates, and then uses model life tables to obtain other age specific mortality rates; the application of the technique to Brazilian municipalities is discussed in detail in Horta et al (1998) ; and urbanization: fraction of the population residing in an urban area. (1970, 1980, 1991, and 2000) . Unweighted averages based on the sample used in the regression analyses. Variable are average per capita household income (normalized to 1996 international prices according to the PWT 6.1), life expectancy at birth, child mortality rate, percentage of households with access to piped water connected to the public water system, percentage of household with access to sanitation connected to public sewer system, percentage of illiterate people in the population, and the degree of urbanization (fraction of population residing in urban areas). 
